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Abstract 
Zhou et al. [1] and Endres et al. [2] reported on CO2-sensing using primary amino groups of Heteropolysiloxanes at higher 
temperatures (50-70°C) by means of a mass sensitive and a capacitive readout. Based on this work the read out of the change in 
the work function is investigated. The reversible interaction of CO2 with spin-coated Heteropolysiloxanes sensitive layers results 
in changes of the work function with typical signal heights of 15-20 mV (from 400 ppm up to 4000 ppm). Results are presented 
regarding variations in the chemical nature of the films. This opens up the possibility for a new ambient temperature CO2-sensor 
which shows fast response times as well as a high sensitivity for concentrations exceeding 400 ppm CO2 (background in 
atmosphere).  
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1. Introduction 
The main challenges in CO2-detection with solid-state-sensors are caused on the one hand by the stereochemistry 
with the symmetry of the CO2-molecule (neutralization of the polar CO-bound) and on the other hand by the 
environmental conditions (influence of humidity, presence of stronger reactive gases, CO2-background of 400 ppm). 
A successful approach for the detection of CO2 is the use of Heteropolysiloxanes as sensing layer in mass sensitive 
sensors [1] and in capacitive sensors [2]. The latter require heating to 50-70°C in order to generate detectable CO2-
signals and limit the cross-sensitivity to humidity. The mechanism of the change in work function is interesting, 
because no gas consumption is needed. The sensing layer investigations shown in this paper are intended for the 
usage in a device type (Floating Gate FET, FGFET [3]) that uses the work function change of sensitive materials to 
modulate the source drain current via the field effect. This provides an interesting alternative to established 
conductive sensors since it is based on the readout of a physical value, which is directly related to the gas adsorption 
at the surface. Associated advantages of the transducers are a low price, a small size, the free choice of the gas 
sensitive material and the possibility of operating them at room temperature [4]. 
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 2. Experimental 
High quality Al2O3-ceramics (99.6%), covered with sputtered gold, serve as substrates for all types of these 
sensor materials. On the top of this electrode the gas sensitive material (Polysiloxane) is applied by spin coating of 
hydrolysed monomers. To establish different thickness layers, different rotation velocities have been used.  
The coating is done via a sol-gel process. Investigated sensitive materials are AMO (3-
Aminopropyltrimethoxysilane), which is characterized by one primary amino-group, and mixtures of AMO with 
PTMS (Propyltrimethoxysilane). An addition of PTMS causes a hydrophobization of the hydrophilic AMO due to 
an increase of non-polar-groups in the material system. After the spin-coating-process the sensitive layers are 
temporary stored in normal air for two hours to get a removal of solvents and therefore to reach a gel state. The 
polymerization is then done in N2-atmosphere for 16 hours under 120°C. The tempering removes the rest of water 
and alcohol and allows getting a solid state sensitive layer.  
 To read out the change of work function, the Kelvin method and suspended gate FETs (SGFETs) are used. To 
avoid initial misinterpretation of signals caused by adjusting the chemical equilibrium in the sensitive layer to 
ambient air, all measurements are done three or more month after manufacturing. Gas measurements are carried out 
with synthetic air at room temperature using variations of relative humidity (mean value 40% r.h.) and of CO2 
between 400 ppm (background in atmosphere) up to 4000 ppm.  
 
3. Results 
3.1. Reaction of CO2 with (primary) amino groups 
The basis for CO2-detection is an AMO sensitive layer, for which a primary amino group is characteristic. It was 
found, that there exists a distinct and reversible response of the work function of about 20 mV to CO2 (beginning 
from 400 ppm up to 4000 ppm) at room temperature in dry air (Fig. 1(a)), but not for wet synthetic air (40% relative 
humidity). To verify that the primary amino groups are responsible for the change in work function by CO2-gas 
admission, other Polysiloxanes with tertiary amino groups have been investigated like CPT 
(Cyanopropyltriethoxysilan) and NNDE (N,N-Diethyl-3-aminopropyl-trimethoxysilan) in the same scale of layer 
thickness (Fig. 1(b)). As expected, no change in the work function both in dry as well as in wet synthetic air could 
be observed for these layers.  
 
                  
Fig. 1. Response from 400 ppm CO2 up to 4000 ppm CO2 at 27°C and different relative humidity for (a) AMO and AMO/PTMS (70:30) thick 
films (b) NNDE and CPT thick films.  
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Fig. 2. (a) Response of different AMO/PTMS thick films to CO2 (from 400 ppm up to 4000 ppm) at different humidity levels at 27°C ; 
 (b) Dependence of the CPD to the change in CO2-concentration at 27°C and 40% relative humidity. 
3.2. Hydrophobization of the sensitive layer 
As it can be seen in Fig. 1(a) humidity inhibits the response to CO2 gas admission. On this account, a 
hydrophobization of the hydrophilic AMO Polysiloxane is done with an addition of PTMS which is characterized by 
non-polar groups. This however also causes a decrease in the amount of NH2-groups. Fig. 1(a) shows the CO2-
sensitivity of an AMO/PTMS thick film (mass ratio of 70:30). Compared to a pure AMO layer a AMO/PTMS does 
not increase the response to CO2 for dry air, but for wet synthetic air. This indicates that less water in/on the 
sensitive layer supports the formation of an acid-base-reaction.  
With increasing film thickness the change in work function increases both for dry as well as for wet synthetic air 
with gas admission of 4000 ppm CO2 beginning at 400 ppm CO2-background as shown in Fig. 2(a). The increase in 
sensitivity is not linear, but asymptotic. It is notable that a layer thickness of about 0.5 µm causes a negative 
response to CO2 under wet conditions, whereas under dry conditions a positive response is observed. 
 In order to evaluate the dependence of the work function change on the change in CO2-concentration, higher 
layer thicknesses are evaluated, because for these a higher signal-noise-ratio can be observed. There is a linear 
dependence of the work function signal of CPD on the logarithmic CO2-concentration (beginning at 400 ppm CO2-
background) for AMO/PTMS (70:30) thickness layers of 12.8 µm as well as 7.4 µm (Fig. 2(b)). A R2-coefficient 
close to 1 affirms this dependence.  
3.3. Transferability of the CO2-sensing layers to FET-measurement 
Fig. 3(a) compares the CPD signals obtained by a Kelvin probe measurement to those obtained by a SG-FET 
measurement for AMO/PTMS thick films with a mass ratio of 70:30. The transferability is obvious: in both 
measurements a fast response to different CO2-concentrations can be detected beginning at 400 ppm CO2-
background in wet synthetic air (40% relative humidity). However, the FET-measurements show a small reverse at 
the beginning of the gas admission. Both samples of each measurement technology show a high similarity. The size 
of the gas response proved to be stable over almost one year. This indicates that this class of Heteropolysiloxanes is 
equilibrated with ambient air at room temperature and no material degradation due to trace gases occur.  
Fig. 3(b) shows the dependence of the CO2-response of an FET-measurement on temperature. With increasing 
temperature the height of the signal decreases up to 60°C in wet (45.9% r.h.) as well as in dry synthetic air. With 
higher temperatures the signal direction reverses. The gas signal disappears at temperatures of about 140-150°C. 
Noticeably, the response times at higher temperatures (100°C) are significantly slower than those at room 
temperature. 
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Fig. 3. (a) Response of a AMO/PTMS thick film to CO2 (background 400 ppm CO2) at 27°C and 40% relative humidity using Kelvin probe and 
SGFET-measurement; (b) Dependence of the SGFET-CO2-response on the temperature in dry and wet synthetic air. 
4. Discussion 
The primary amino groups of (Hetero-) Polysiloxanes appear to be essential for the work function change due to 
CO2-gas admission in wet and dry synthetic air, respectively at room temperature. A loss of sensitivity to CO2 
caused by humidity can be avoided using a hydrophobization of the material with a mixture of non-polar-CH3-
groups (e.g. with PTMS). The reaction of CO2 with the primary amino group is supposed to be an acid-base-
reaction. The tendency of decreasing CO2-sensitivity with increasing humidity can be interpreted on the one hand to 
a direct generation of carbamate and on the other hand, to the transformation of bicarbonate into carbamate. The 
former comprises two primary amino groups and a waterless environment, the latter involves the separation of H2O 
which could have an influence on the work function. 
Endres et al. [2] anticipated a formation of bicarbonate (reaction enthalpy estimated with 120 kJ/mol) of the 
primary amino groups with CO2 and H2O, which requires a minimum temperature of ca. 50°C and relates to the 
decrease of signal with the smaller adsorption rate at higher temperatures. Also FET-measurements confirm a 
decrease of the CO2-response with increasing temperature. However, they show faster response times at room 
temperature. Therefore, the change in work function appears to be dominated by the formation of carbamate, which 
is more effective at lower temperatures. 
 
5. Conclusion 
The experiments have shown that CO2 can be detected successfully in wet synthetic air beginning at 400 ppm 
CO2-background. By modifying the (Hetero-) Polysiloxanes it is possible to manipulate the chemical reaction with 
CO2 and, therefore, the response of the sensor signal. The use of the work function change seems to be ideally suited 
for room temperature CO2-measurements contrary to capacity or mass sensitive sensors, which need higher 
temperatures to generate detectable signals or to reach a minor cross sensitivity to H2O. 
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